The role of palliative gastrectomy in the management of metastatic gastric cancer remains inadequately clarified.
INTRODUCTION
Gastric cancer is one of the most fatal cancers. Although its incidence has decreased during the last decade (1, 2) , it is still the second leading cause of cancer-related mortality worldwide (3) . It is often diagnosed at the metastatic stage. Unfortunately, metastatic gastric cancer has a poor prognosis, and the expected overall survival (OS) of metastatic gastric cancer rarely exceeds 1 year, even with new chemotherapy regimens (4) (5) (6) . These patients are currently not considered as candidates for adequate radical resection, which has currently been considered the only curative treatment modality.
For metastatic gastric cancer, palliative gastrectomy or bypass surgery remains important in relieving symptoms and is generally used in emergencies. It has also been shown that palliative gastrectomy is better than bypass surgery in relieving symptoms such as obstruction, tumor bleeding, or perforation (7) (8) (9) . Although the REGATTA trial, a phrase III trial, suggested that gastrectomy with chemotherapy could not achieve better survival than chemotherapy alone (10) , many other studies found that gastrectomy with chemotherapy improved the survival of patients with stage IV gastric cancer (11) (12) (13) (14) (15) . The REGATTA trial was terminated early because of futility. Moreover, it has been criticized for the lack of data on quality of life, inclusion of Asian patients only, and poor patients' acceptance of random assignment. In particular, the trial has been criticized for its chemotherapy regimen because the chemotherapy regimen was administered orally and affected by the surgical treatment. In addition, most patients had peritoneal carcinomatosis, which can increase postsurgical problems (10, 16, 17) . Clearly, there is no universally accepted standard of care for metastatic gastric cancer treatment, and uncertainty still exists regarding the role of palliative gastrectomy in this setting.
Thus, we hypothesized that metastatic gastric cancer can benefit from gastrectomy. We tested this hypothesis using the large Surveillance, Epidemiology, and End Results (SEER) registry database.
METHODS
Study population and data sources SEER encompasses population-based cancer registries covering approximately 28% of the US population and records basic demographics and some clinical characteristics (18) . SEER*stat software (version 8.3.4) was used to select patients. Eligible participants were identified from the SEER database if they were pathologically diagnosed with invasive adenocarcinoma of the stomach (International Classification of Diseases for Oncology, third version, codes 8140, 8144, 8211, 8255, 8260, 8323, 8480, and 8481) between January 2004 and December 2012. However, SEER contains metastatic records of bone, liver, brain, and lung at diagnosis only after 2010; therefore, the analyses for metastatic sites were confined to data after 2010. Participants with stage M1, 1 primary only, active follow-up, survival time more than 3 months, and complete data for age, race, and year of diagnosis were included in our study. To increase comparability to other studies, the follow-up time was limited to 5 years. Gastrectomy was defined as surgery in the primary site, including near-total or total gastrectomy and gastrectomy with a resection in continuity with the resection of other organs (SEER RX Summ-Surg Prim Site (19981), codes 30-33, 40-42, 50-52, 60-63, 80, and 90). As a result, a total of 5,640 patients were identified for this study, including those who received any kind of gastrectomy (cases, n 5 4,651) and those who did not receive any kind of gastrectomy (controls, n 5 989) (Figure 1 ).
Propensity score matching
Propensity score matching (PSM) is a tool to reduce the selection bias in nonrandomized studies. Propensity 1:1 nearest neighbor matching with propensity score (PS) was performed to reduce possible bias using a 0.02 caliper width (19) . x 2 tests were used to examine the covariate balance. A multivariate logistic regression model was used to calculate PSs for each patient in the group. Selected covariates were age, T-stage, N-stage, grade, race, radiotherapy, and chemotherapy, which were selected based on the statistical difference in the univariate logistic regression model and clinical significance.
Statistical analysis x 2 tests were used to compare the distribution of demographic characteristics. Univariate and multivariate Cox proportional hazards models were constructed to evaluate the hazard ratio (HR) and 95% confidence interval (CI) between patients treated with and without gastrectomy. OS was defined as the time from diagnosis to death of any cause; patients who were alive at the time of the last follow-up were censored. Cause-specific survival (CSS) was defined as the time from diagnosis to death related to gastric cancer only. Patients with any other causes of death or still alive were censored at the time of death or the last follow-up.
To test our hypothesis that OS and CSS are associated with gastrectomy in patients with metastatic gastric cancer at diagnosis, variables were forcefully selected based on clinical significance. Variables were used for propensity scoring and entered into final multivariable Cox regression models. In all multivariable models, the continuous covariates of age and the categorical covariates including sex, region, race, income, surgery, chemotherapy, T-stage, N-stage, and grades stratified as in Table 1 were used.
Age was used as the time scale for all models, with entry time defined as age at diagnosis and exit time defined as age at death, last follow-up, or December 31, 2014, whichever came first. P values of #0.05 (2-sided probability) and P values for interaction of #0.10 (2-sided probability) were considered statistically significant. All analyses were conducted using SPSS 22 (IBM Corp, Armonk, NY).
RESULTS
All patients included in the analyses had complete information. In the SEER database, missing data that met our selection criteria were approximately 3% of the total number. We performed sensitivity analyses by inclusion and exclusion of missing data. There was no appreciable difference. Therefore, we excluded missing data in our analysis (Figure 1 ). Distributions of characteristics are presented in Table 1 for the study groups categorized by receiving any kind of gastrectomy or not. There were 5,114 patients who died of gastric cancer, and 526 patients who were alive or died of other causes for a total to 5,640 patients in the analysis. A total of 989 patients (17.5%) received gastrectomy. Before PSM, cases were more likely to be older, had a lower family income, had received chemotherapy and radiotherapy, and presented a well-defined T-stage, N-stage and grade compared with controls. The distributions of most demographic and clinical factors were well balanced between cases and controls after PSM by 6 factors (age, chemotherapy, radiotherapy, T-stage, N-stage, and grade). In this study, 679 pairs were matched using PSM.
In the multivariate analyses, as expected, patients who received gastrectomy were associated with a better OS (HR os 5 0.64, 95% CI 5 0.59-0.70, P os , 0.001) and CSS (HR css 5 0.63, 95% CI 5 0.57-0.68, P css , 0.001) (Table 2, Figure 2a ). Cases with poorer T-stages and N-stages were associated with poorer OS and Number of the distant metastasis. Bone, brain, liver and lung are four sites of distant metastasis at diagnose SEER provided. d The IQR was the difference between the third quartile and the first quartile. The IQR was used to describe the range of follow-up time.
CSS rates. Receiving chemotherapy was found to be strongly associated with better survival. However, age, sex, race, region, income, histology grade, and radiotherapy were not found to be associated with better survival. In PSM analyses, the results indicated that survival improvement was significantly associated with chemotherapy and gastrectomy (HR os 5 0.63, 95% CI 5 0.56-0.70, P css , 0.001; HR css 5 0.62, 95% CI 5 0.55-0.70, P os , 0.001) (Figure 2b ). Radiotherapy was not associated with improved OS or CSS.
Palliative gastrectomy benefits metastatic gastric cancer patients on OS and CSS by different groups were observed after matching (Table 3) . After PSM, numerically, gastrectomy was found to be more associated with survival benefit in patients who were young and with a better T-stage, N-stage, and pathological grade. After PSM, significant heterogeneities for the effect of gastrectomy were observed between patients with chemotherapy and those without (P Heterogeneity for OS or CSS ,0.10).
For patients with only 1 metastatic site, the median survival for those who received gastrectomy was 6.0 months longer than those who did not in the multivariate analyses and 10.0 months longer in PSM analyses (Figure 3a,b) . For example, the median OS for patients with liver metastasis only was improved from 9.0 months to 15.0 months before PSM (P os , 0.001) (Figure 3c ) and from 7.0 months to 17.0 months in PSM analyses (P os , 0.001) (Figure 3d) . However, the sample size of patients with lung, brain, or bone metastasis only was too small to analyze. In PSM analyses, palliative gastrectomy was associated with survival benefit by 8 months in patients with $1 metastatic site(s) (Figure 3e,f) . However, there was no association between gastrectomy and survival benefit in patients with metastatic gastric cancer who had more than 2 metastatic sites (Figure 3g,h) .
DISCUSSION
To our knowledge, the present study is the first population-based SEER analysis using both multivariate regression analyses and PSM analyses to evaluate the role of palliative gastrectomy in the treatment of metastatic gastric cancer. In this study, we found that gastrectomy, in general, was associated with better survival of metastatic gastric cancer. The beneficial effect of the survival observed using the SEER database highlights the importance of palliative gastrectomy in the management of metastatic gastric cancer.
The 5-year survival rate of patients with metastatic gastric cancer rarely exceeds 5% (20, 21) . For metastatic gastric cancer, the effectiveness of palliative gastrectomy is controversial (15,22-24 ). In patients with metastatic gastric cancer, palliative debilitating ascites) caused by the primary tumor (26) . Thus, metastatic gastric cancer may benefit from palliative gastrectomy.
In the past, gastric resection was considered valueless in treating metastatic disease, partially because of high surgical mortality rates (3, 15) . Since the 1980s, many studies have reported that patients with metastatic gastric cancer who underwent surgical removal of the gastric primary lesion had greater survival rates than nonoperated patients (14, 15, 27, 28) . Saidi et al. (22) (14.4 vs 11.2 months, P 5 0.37) and Sarela and Yelluri (29) (8.0 vs 4.0 months, P 5 0.30) reported that there was a trend of better survival in patients with gastrectomy in metastatic gastric cancer. Huang et al. (30) reported that the OS of patients who underwent resection was 10.2 months and that of patients without resection was 4.48 months (P , 0.001). Despite previously published cohort studies showing better outcomes, the observational and nonrandomized nature of these studies must be put into perspective. Comparisons between gastrectomy followed by chemotherapy and chemotherapy alone in observational studies were usually confounded by data heterogeneity, selection or publication bias, and by the large variation in the chemotherapy regimens used owing to a lack of treatment standardization across geographical regions. However, the REGATTA trial showed that the median OS was 16.6 months for patients receiving chemotherapy alone and 14.3 months for those assigned to gastrectomy plus chemotherapy (P 5 0.70) (10) . Nevertheless, the trial was terminated early and had some significant limitations (16) . One is that most of the patients, including unselected patients, in the trial underwent total gastrectomy, which is known to have a higher risk of postoperative complications than distal gastrectomy (31) . In other words, their results may have been biased considering that approximately 70% of gastric cancer surgeries in Korea and Japan are distal gastrectomies. Second, the REGATTA trial used S-1 and cisplatin for chemotherapy. The administration of oral medications was heavily influenced by postgastrectomy complications, which made it difficult to evaluate the effect of palliative gastrectomy itself. In addition, we believe that palliative gastrectomy should be performed in selected patients, especially in those patients with complications (e.g., hemorrhage, obstruction, or perforation) or with the risk of complications rather than in unselected patients as the REGATTA trial did. Therefore, whether their results can be generalized to patients with metastatic gastric cancer remains unclear. Thus, phase III randomized controlled trials (RCTs) that overcome the flaws of REGATTA are urgently needed to clarify the role of palliative resection in patients with metastatic gastric cancer.
This study showed that gastrectomy was significantly associated with better survival in patients with metastatic gastric cancer with 1 metastasis, but no survival improvement was observed in patients with metastatic sites in 2 or more organs. The consistent findings from this study supported that palliative gastrectomy was related to the survival improvement of patients with metastatic gastric cancer.
Gastrectomy in this study should be considered as palliative resection. Clinically, curative resection is not recommended for patients with metastatic gastric cancer disease (25, 32) . Gastrectomy was mostly administered to patients with unfavorable metastatic gastric cancer for palliative purposes, such as controlling perforation, or hemorrhage. The prognosis of these unfavorable patients who were treated with gastrectomy may not be as good as patients with metastatic gastric cancer without unfavorable factors if they did not receive gastrectomy. Hence, the survival benefit seen from the current analysis cannot be purely explained by treatment selection biases after adjusting for possible confounding factors and PSM. Although adjusted with PSM, the survival benefits of patients with metastatic gastric cancer observed in this study could be associated with palliative resection of primary gastric tumor lesions or due to confounding from unmeasurable variables.
Nonetheless, metastatic gastric cancer is a systematic disease; palliative gastrectomy might benefit some selected patients, and the benefit should also be conditioned on adquate systemic therapy (33) (34) (35) . The median OS for patients with and without adjuvant chemotherapy was 12.3 months and 7.7 months, respectively (P 5 0.065), as reported by Huang et al. (30) . Our results also showed that chemotherapy improved the survival of patients with metastatic gastric cancer.
We acknowledge several limitations to this study. First, as with any observational study, the possibility of bias is a concern. Although the sensitivity analysis showed that the missing data had no effect on the results, the exclusion of the missing data may also be a source of bias. We used the PSM method, which might reduce the bias caused by the imbalanced distribution of measured covariates. Nevertheless, bias from unmeasured factors shall be unavoidable. Unlike RCTs, SEER registry data usually have high completeness and are representative of the real-world patient population. Although our results might be applicable to real-world patients, we acknowledge that patient status, surgical methods, and second-line chemotherapy may all have contributed to study bias. Although it is preferable to obtain more details, we sought to show the survival advantage of any surgery involving the primary lesion for patients with metastatic gastric cancer.
In addition, the SEER registry does not provide any data on risk factors of gastric cancer, which may have an impact on survival. Nevertheless, the study participants were recruited through a representative national database, thus reducing possible selection bias. Multivariable analyses, PSM analyses, and sensitivity analyses were performed, and the results of OS and CSS did not change appreciably and thus seemed stable and valid. Consistent with previous reports (36), we found that the survival benefit of gastrectomy was, to some extent, conditioned on age, T-stage, N-stage, the degree of pathological differentiation, and chemotherapy. Thus, this consistency reinforced our findings. Nevertheless, prospective trials are required to clarify the role of palliative gastrectomy in the treatment of metastatic gastric cancer and to tease out what kind of surgery for specific metastatic gastric cancer patients is most beneficial.
In conclusion, the present study using the SEER database suggests that palliative gastrectomy is associated with survival improvement in patients with metastatic gastric cancer. However, a PSM cohort study of this kind still has a strong selection bias and cannot replace a properly conducted RCT. Therefore, we call for well-designed phase III RCTs to further clarify the survival benefit from palliative gastrectomy for patients with metastatic gastric cancer.
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WHAT IS NEW HERE
3 Palliative gastrectomy is associated with survival improvement in metastatic gastric cancer patients.
3 Gastrectomy was significantly associated with better survival in one metastasis but no survival improvement in patients with metastatic sites in two or more organs.
TRANSLATIONAL IMPACT
3 Results of this study may provide some reference for clinicians treating the metastatic gastric cancer patients.
